
Mars Global sur\myor Ivlissi(m.

Al),v(tYIc/  - ‘1’lIC A4ars (;101MI1  sul”\’qwl
(M(is) Sy)mcl’im  will l)C laul)chd  il”l

N o v e m b e r  of 1996 I() Ihc planet  h4:tl-s
f o r  all Cx[cm(lcd  study  of tk ])lallct’s
surf:wc,  almosphcvc,  p,tavitatiol]al  fkkl

nld map,ndic  field. 11 -
1 order 10 achicvc

the scicvdific  obicdivcs  of” Ihc lilissiol),
lllcsj):lccclaf[~~’ill  t)cil)scrlc(l  inloa  low-
altitudc, IKw”-po]al”, Sllll-syllcllloliolls”

orbit. IMawill bccollcckxt  and rcturmd

from s i x  p r i m  cxpcrimcmts  on t h e
spacccmil for ova mc I14arliall  ycxr

(687  1 kIr[ll  days )  and \\’ill provi(lc  fhl a
tmt[cr llll(lclstall(litlp, o f  fhc g,co]op,y,”
p,copllysics,  ald clima[olop,y”  of” h4ars.
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1. lNrl’l<ol)  lJ(:’I’lo  N”

N A S A  and Ihc ICI l’lopulsio])
l.ab(~raIOIy  w i l l  bcp,in Amuica’s ICIUI II

to h4:irs [{k]’ a ?(LycaI  ~bSCIICC  by
kmnchinp, t h e  h4aIs (ilobal  Sutwyw

(h(l(iS) sp:icccIaf(  in N(IVCINOCI of 1996,
‘1’IIc  h4(i S lnissioll v’il] c.ollcd (lat:i  on

lhc sutfmc, atmosphc]c, p,lfil~il:lliol-):ll
ficl(l,  ad map,tlctic  field of (hc Id plnncl
owr a lwwycaI ])cIio(i, ‘1’IIC A4(is
sj)acmrafl w’i(l] its scimlific ins(tumcllts

w i l l  tw ]) I:IcN1 ill H lolv-allilu(lc,  neat -

polat’, Still-syllclllol)olls” orbit  atoutd

h4ats, ‘1’l}is  paper w i l l  (Icsclilx  tllc
lnission  dcsig,t),  lhc sciuw ])ayload,  the
spacccraf(,  at)(l  (I)c ]allt)ch vcllic]c  jortllis

nlission.

?. S(:II:N(:H I’AYI ,OA1)

l)lllil”){),  687 days  of nlal)pit)p,  o]xmtions
:11 h4ars, Ihc scicllcc p a y l o a d  w i l l
p,cnct ak ln(wc lhaII 600 o rb i t s  of r a w
data to achicvc  IIIC fiw l)asic [~oals  of (1IC

mission:



atmosj)hcrc  10 cwluatc  t h e i r
Scas(ml  iIllJ)ad  01) t h e  polal

chaps,  allnosphcric  (lust find

clouds.

1]) addilion, Ih dfi[a w i l l  supj)ol-[

mission  ad scimltific  planllin:,  fol future
hcl:irs  cxpcxiitiom  with spccia] clnplmsis

olI (IIC s e l e c t i o n  of p o s s i b l e  futul c
lfindillp,  sites. ‘JIIc names ofthc  scientific
imtrumcnts  for h4(i S, Ihr location  of the
primilllc invcsti@or HII(I h i s  h o m e

institution, and the mcaslll’clllcllt

ot~jcctivcs  fbr  mch  ii-ls(rumcnt  arc f,ivcn

in’J’able 1.

h4:ilsi  stllc(Jl]ly]  )l:ltlct  from h4rIcuIyto

Nqltlltw whose m:q),nctic  field has 1101
ycl 1)(’CII lncasllrd, ‘ J  ‘hc dcsif),li of Ihc
solal -:itray-]llout  Itc(l ]Ma~,t Ictolllctcrs  Jvill

allo\\T f(w IIIC iwsil(l  IncasurcmcIIl  of the
[J,lolxil nlap,t dic fkkl in tllrc’c
JIclj)clldiclllal” (Iilcc(io]) ()\lcl” all

cx{I cmcly  wide dynamic  1 aIIIW bclwcm

16 and 65,53611’1’. (iivcn  this d:da, tl~r
e l e c t r o n i c  ]cflcctomdc]  \\’ill (Ictwninc

(l~c local lwar-surface mfip,ndic ficl(ls  by
lncawltinp, llIc dc{lw[ion  o f  alnbicllt
clcc[ronics  (owr[’,y raIIp,c of 1 -2(1 kcl~) by
Ihc local  IIla[!,tlctic  field. IIccdusc  lhc
patlIs oftllcsc  clccttwls  m: si:,lli[ic.antly

al[ud by the ma:,tlciic  field, usc ofthc
Clcc(lol”l  ICflrcl(mlctcl in conjunction
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‘1’his illstrllmcnt consists or t \\’()

incicpcndcvll CfJmctas Iiioulllc(l  Onto a
Single Msclnb]y. IIotli CXil]lc]lis  81”L’
Suppo]”tccl  by a 3?-bit  ]Tliclol)loccsso]

for &Jtfi  a c q u i s i t i o n  and comprcssi(m,
WI(I H ]2 h4t)~k hmh foJ kll~~)OIal)’
itnq~,c s[map,c. ‘1’hc  t)al’1’()\\’-:ill/lc  C’alllcl”tl

CInploys a 70-CIN  hll, VI() l<ilchcy -
(Yi[icn rcflcdor  witl) a focal lc]lp,th  of’ 3.5
l)lctcrs. lnsidc,  two ?048-clmclll
clEIIf,c(l coup]c (lcvicc ((X:1))  line aIIays
sil (m (1w focal  plane and arc Inounlcxl it)

a d i r e c t i o n  ~}ct-j)cl)(licl]lfi] to the
Spmxt af[’s vclocily vcctm’ (hlrillf,
nlal)]~i]]p, opc]al ions. ‘1’wo dimcllsio]]al
ima~,cs  o f  t h e  Martitin  surkc  at all

l]llI)Iccc(lc]Jtc(l  rcsoltdi(m  of 1.4 m/pixel
w i l l  bc fb]ll]cd a s  t h e  motio]]  of Il]c
Spammf[ Swcc’ps the (Ictcclot’s  foI\wtl’(1  ,

‘1 hc (X)101’- capaw!,  Wkloal Ig,lc Cal Ilcl’a

consists o f  Iwo f6, 9.’7 Inm focal  lcnf,lh,
140° field ofvicw  fish-eye Imscs fcc(lin~,

into a sinplc f(mal p l a n e  conlaiaiq: Iwo
3456 -CICIIICIII (:(:1) lillc  arJays,  l]) OKICI

t o  ~mducc color  itna?,cs, IIKX two lcrtscs
Ilsc ICd (5-/5 -  6?s 11111)  all(l blue (400” -

500” Hm) fil{cis, rcsjmtivclyo  Wide-aup,lc

imaf,cs  ofthc surface with a ]-csolu(ion of
2 5 0  ndpixd  at nadir  (? kndpixcl  at lhc

l imb)  wi l l  h p r o d u c e d  in (he s a m e
“molion” swcpl  forward’” fashio]) as the

] Ian ow-ang,]c ima:,cs. ‘1 ‘II(X wklc-anp,lc
picl~ltcs  w i l l  contribute to tllc M()(U’s

flobal monil(win:,  mode, an cx]wlinlc]~t

ll~at  w i l l  provi(lc  daily,  f a l l - p l a n e t
dmc.rvalims  of the h4al~ian  atmosphcv c
ald surfwx  similm 10 IIIC ]~walhcf
pic[urcs o f  1  All) shown dlll”inp,

JICWSCaStS.

‘J’hc h4als  ()]l)itcr  1  ZJW Altimetcl

(M()]  A) cxjmimmt  will p,cacratc  lli@-
t csolal  ion Iopofyap]]ic  profiles of M firs
f o r  stl]dics of :,co]og,ical  stt aclui cs aId
]“)1 OCCSSCS. ‘J’his goal will be
acconlplishcd  by usinp, a  (Iio(lc-l)l]t]]llc(l
]Ico(ly]l]illl]]-y((t  iulll allll]]it]llt~l-:,:illlct
law that will fire 4 S-rid pulses of lifl]t
at t h e  Mar[iati  sarficc at a rdc o f  1 0

buwts  pcr second. IIy I ccx~rdil~S,  the time

tllal  Illc pulw takes  to ICacll  the Surface
ald twut]cc back to IIIC itlstt aInc IIf ’s 50-
ctn (~asscp,taia colkxtia!,  ]nit! 01-, t h e
h401 A team will be at)]c to compute the
local  altitude uldct  the spacccraf[  alm]p,

the g,rmltd tl ad.

1 L3CII IHW1’ Spol Will ]ilCaslltc  alx)ut 1 6 0
mclcrs  in (lianlelcl  (m the surft{cc  with  a
spacinp. o f  about  3 0 0  mclcrs  t>clwccn

s p o t s  alot)p,  t h e  :,rmal(l  tt’acl. ‘1’hc
accuracy it} mcawill~, ]clativc

lopo[’,t  aphy  wi l l  \Tary f r o m  onc 10 10
tnctc]s,  will) all atwlutc accul acy o f

about  30 III CICI’S. lllli]mtcly,  t h e
a b s o l u t e  accuracy  will  dc])cld 011 the
plccjsc ]Josl-lccolls[t(lclioli of- Illc
spacecraft orbit position from navig,a[ioa

aIKl ra(lio-scicllcc  (iah,

A4(!I’,V  1<(’1[[)’  (MA’)

‘1’hc  h4ars Relay  (Ml<) consis(s  of a
radio systcm  ad ardcnna  dcsip,ld  to
lc.tui t) lncasutcuncnts  an(i imag,ilq!, (iala



from Spwxwlf(  CJcploycd  OH the  sill’face
of 111(? I’(XI pkmt. ‘ I b i s  illstt”ull”lcl)t

Cons{sis  of a 1 -nwtcl tall lwlix antclilla

lnountcd  on Ihc MKlil” pm] o f  t h e
S p a t ’ m ” a f [  ald all of the .aSsociatcd

elect ronics. Ilnlikc the  ma in  X-band

collll]lllt]ictitio])s”  systcm  ,  t h i s  (Icvicc
opcraks at 111 ll; firqmmics. ‘Ihc

:llltCIWi  ]>~tkl’1)  (-~ d)) t~kCS (k fO1’111  Of
a 65° cmc cmanatinpl  from the tip of the
antenna, providin:,  Covcwg,c will] a 5,000”
km cffcdivc ranf,c for a 8 kl)ps dala MIC,

all(l  a 1,300” Jim ran~,c  fol’ a 1 ?8 kbps 1 tltc.
As Ihc spacecraft 01’bitS h4:irs, Ihc h4 R

wi l l  t r ansmi t  H 1 .3-W,  437.1 -Mh7
bcmm 10 the sutfacc,  indicating, to the
lmdcts Ihnt Ihc h4(iS  s p a c e c r a f t  i s

cutmntly  in vim. ‘1 ‘his beacon wjl I scr\~c
as ali indicator  f{)r Ihc lamicrs 1 0  kf,it)

Irallsmil[illp,  their (iata.

Radio-sciolcc  cxpcrilmmls  will adwncc
two  iickl fundamcmtal 10 t h e  stady  o f
Mars.  ];irsl,  obscrvatiorls  of distortions
(frcqucmcy,  plmsc,  ami amplitwic)  ia Ihc
s])acccl aft’s  lad io sif,ml as i t  p a s s e s

tl~mup,h the Mnt[ian  attnosphc]  c 011 Ihc
way 101 ‘lull)  will bc used 10 derive hi~,J]-
rcsolution  tcmpcraturc  profi les  of  the

atmosphm  with a vcr(iml  ]umlutim  of
200” m e t e r s .  Scco]Kl,  by usin~~, 1 )ol]p]cl

Imckinp, 10 careful ly monitor  small
chalip,cs ill the.  fkqucncy  of the radio
sip,nal  fIml the spacccraf[  as i t  o r b i t s

h4ars, tlic radio-  scicmx team \vill  bc able
10 reconstruct the h4arlian  p,ravily field
10 till tlll]ll’ccc(iclltc(l  lc\’cl  o f  Wcul”wy,
pcrhtilx  hi:,hcr  than a S() x 50 ficl(i,

1  )oth wiio-scicncc  cxpcrimc]ds  vii]

rqui]c prccisc trackinp, o f the
spaccclaf[’s  Ia(iio sip,nal by the al)tcnnas

of NASA’s ] )CCj)  Space hlc.lwo]k. 111
O] da 10 facilitate this rc(]uircmml,  the
spac,ccraf( w i l l  e m p l o y  an \llt Ia- siablc

osciila[or  ([ 1S()) to p]-ovicic  [ill  cxltwmly

s[ab]c frcqmmcy  rcfcrmx fbr t h e  X-
balI(i tclccoll]]]]~]tlicfltio]]s”  systcII]. ‘1’his
IIip,h-quality, low-noise oscillator
rcsollatcs  at 1 9 . 1 4 3 5 1 9  h4i17  and wi l l
haw a lOl-Ip,-lCrIll  fi qumcy val i  a t  io]]

lilnil of less IIMH 1 .(1x 10]0 117.

‘1’hc ‘1’lmunal  l;n]issio]] Spcctmmctm
(’1’ltS)  will futwtioa  tis  a  cx)ml)itd
inftwxi  Sj-)CCtIOl-IlCtCI  an(i ra(iiomctcr
(icsi~,l WI to measure heat cmcrp,y wliatcxi

flom  tl”lc Sul”fkr and mmj”lllcl’c o f
h4als. ‘1’IIc  inwstip,atio]l  lcaln w i l l  usc
(iata fto]n ‘1’1 N 10 (ictcrjllinc lhc tllcmal
aa(l mitmalo:,ical  propu lies of Ihc
sill’raw, an(i {() l e a r n  about  h4altian
allllosj)lmic  pmpcr[ics,  inclwiillp,  c]omi
type an(i (iust opacity.

‘1’i]is  il]stlamcnl  primal-i]y  consisls  o f

t w o  lla(lir-jl(~illtii]:),  Ic]cscopcs. ‘1’hc
latp,o  of Ilw two is a 15.24-cIII (iiamctcr

(~asscp,rain  (icsif,i) that fcc(is a two-port
h4ichcJsm~  il~tc]fcr(~l~~c.tcr  spcctmmdcr
wi th  a SJ>Cdl’al  ranp,c  from 6.?5 10 so

p in .  ‘1’hc  Slmllcl’  of the [\\’()  srI Vcs two
lx)lomctric  chan])c]s ( 0 . 3  to 3.(~ ~lm aIKl
().3 to I ()() Jim) alKi takCS tl]c foJ”lll of all
off-axis pal ak]a s}mJd tclcsc.opc. ] k]l
Iclcscwpc u(ilixs  six detectors, each with



all 8.3 x 8,3 mrad field Ofvicw.  ‘1’():,cthc’r,
tllc s i x  form a rcct:inglllar g,tid  tllrcc

fiwncs w i d e  ( c r o s s - t r a c k )  ad two
frames (Imp  (dmw]-track).  Althm)p,h IIIC

instt llmcnt w i l l  IIo]]llallj’  lclnaill IIa(lir

pointd, a r o t a t a b l e  scaII mirl or  wi l l

allow the ‘l’] N Iclcscqm  10 vim’ Mals
at any :irbilwy obli(l[lc  anp,ic flom
horizon to horimn.

3. Sl)A(:li(:l<AII”l’

lmkhccd  hfl:tr[in  Aslrmauiics  b~]ilt lhc

Mars  (I]obal  Su1\7cyor  spacccraf[  at thcil
1 kmvcr  facility. When fully kwicd  with
propc]lanl  al IIIC t i m e  of laLII)ch,  Ihc

h4alS  (Ilobal  Survcyol’ spacccrafi  \}’ill
wcifl) no m o r e  thal) 1  ,06? kilqyams
UH(lCI  the current (icsip,n ami AV hif, ct.

II) or(kv  to mcd t h i s  Iat:,ct  IW4SS, t h e
sJ)mwafl Stlllcllll’c consists o f
li@\vci@t  c o m p o s i t e  lnatcrial [iivicic(i
into four  sul>-assemblies known  as tlic
cquipmcml mo(illlc, the propuisiol)

llW(llllC,  Ihc solar  arrays,  ad t h e
cO1lltllllllicaf ioll:]l)lcl)t-las( Sccl:if,lltc  1).

‘1’hc cquip]nc]ll  n)()(iuic IIOUSCS t h e

avio]}ics ]mhp,cs ali(i scicncc
instrumcllls. ‘i’iw (iimcnsiolis  o f  tilis
I’c’cl:inp,(ll:{t Slmpc(l mo(illlc I“IICWIII’C
1.?21 x 1.221 xo.76?]  ]lctc]sii]tllcX,  Y ,
alI(i  Z  (iitcclio]ls, rcspcclivc]y.  Will] Ihc

cxccj)liol)of  ll~chl: lp,llclolllclcl,  tlli of ’{he
scicf)ccillslll}tllcllts \t’ili bc boltr(i  10 t h e

lm(iit  cqllipmcl~t  {icck, mountcLi filmvc

Iilc c(juipmmt  Im)(iulc 011 lhc -IX pane].
‘1’hc  h4ars Relay Hlitcllila  is the tallest
ii]sttumcn[  ami cxtcmis  up 1.115 m e t e r s
:ibout  thcm(iir c(luipmcnl  (icck.

‘1’wo rc(lun(ianl flipht compute r s  il)si(ic

Ihc e q u i p m e n t  Iilodllic  wili (nchcslr:ilc
aill)os(  ali of t i l e  Space .c ra f ( ’ s  fii:,l]t

acli~’itics,  Aitlioup,h  only onc  of ti)c two
units w i l l  c(mtml  tile sj)acccmf[ at any
ollc tilne, i[iclltical  sof(warc  ~~’ili  ILIII

c o n c u r r e n t l y  in lhc t)tickllp unit. ltach
C o m p u t e ]  Colitro]  unit co]]sisls  of a
Marcon i  1750A ]~-iictoj~](~ccsso],”  128 k
RAM forstoril]p,  command scqmms as

/<, Hiut,  -Gnir,  Ar,  to,,,  ta

[Irnu
i lnp

+

l;ip,urc 1. M(iSSpaccc]af[



101){:  as six w e e k s  ill dlltation Uploa(l(’d
fl 0111 1 ~al”tll, ad 20 K I’RON4 that

c o n t a i n s  cmlc to nm basic s u r v i v a l
Scqucmm Upo]l am’)’ into faull
])1’okcti(m m o d e  (hlc 1 0 almlwilolls

conditions.” Additional s(orap,c  space for
scium ald cnp,inccrin~j d a t a  w i l l  k

p r o v i d e d  by t w o s o l i d - s t a t e .  Kwmdcrs,

cad wi[h a 1,500 Mt)it  capac i ty . ‘1’hc

h4(iS  m i s s i o n  will  rcprcscnt All~crica’s
firs( interplanetary spaccmaf( to

cxclusi\’cly  usc RAh4 jnstcad  of a tape
mcordcr  for  m a s s  (lata slora~,c. ‘1’his

Icchldop,y impmvcmcnt wi I I

dramatically ldllcx opmt  ional
cw nplcxity  thcml)y  rc(hcing,  mi ssim I
planninp  costs durinp, fli{)l]t,

tipproxima[cly 1 . ]  47 b i t s  of s(ovdf,c
spaw to cIIcodc OIIC  l~it of law data witl~

this cmo(lin?, ratio. Spacxxraf[

co]lll]lt]tlicatio])s”  with 1 tar[h will always
utiliyc X-lMIK1 ftcx]acncics fol”

Ia(liomc[ric  tracking).,  rctata o f  scimcc
aINl c]):, iacctii)g,  tclcmclly, col~~lll:ii~(lit~~,,
and radio  sciclxc cxpcrimcmts. 1 lowcvct,

the Spaccmf(’s tclccollllllltllicatiol-ts”
equipment also acmmtnodatcs  Ka-bmd
c:il  t iu -only dmwlink for lhc pu rposes
of pl o\~idinp,  a fcasibjlity  (Iclllolls(l:ilioll.”

‘1’hc equipment mo(lak also contains
t h r e e  rcacti(m w h e e l s  mountc(l  in
Ollllop,onal dirccli(ms 1() pmvi(lc
spacecraft poin[inp,  control authority fm
all I nissim) c . v e n t s ,  cxccpt  f(n majw
propulsive maneuvers. A four(h whcc]
mounted in a direction skewed to the
otlm 11]1 cc \vill scr\~c m a rcxluIdalIt  unit.
Attitdc  information for the spacccraf[
w i l l  bc provi(kxl  by Swl scmsors,  ali
inc.r[ial  mcasurcmcnl  unit, h4a1s ho] imn
sensors, and a star scmncr.

‘1’hc spacmraf[’s  ?5-watl l<l; po\YcI
amplifim  imidc the cquiplmnt  mmlulc

will provide the capability for downlink
of scicmx ami cnf,inccring. lclmctry at
data rates Mwccn  ? 1,333 Sps to 85,333
s p s ,  dcjxm(ling on t h e  v a r y i n g ,  1 ‘,ar[h t o

h4ars  distance. ‘Ihc “s]>s” Stal)ds for
symbols  ]xv scco]Id, and a  symtwl  i s

cxsclditilly  a Reed- Sol(ml(m  Clmdccl
(?50:?18 ratio)  bit. ‘1’lwcf(m,  it takes

‘1 ‘Ilc proplllsion” mo(luk  serves as the
a(hiptcl  bclwccn  t h e  launch whick and
the spacecraft ml contains the nitrop,cn
tctioxidc  (N’]’()) an(l hydra~.inc t a n k s ,
main cap,inc, pl o]]ulsiol] f e e d  s y s t e m ,
aid at[itldc c.o])tro]  tllrus(crs. ‘J’his
1110(11I1C bolts Mcatl)  the cqllipmcmt

IIIo(lalr  011 the -Z panel an(l consists of a

rcctaa[’,(llar sh.aped box 1.063  meters on
each si (k, witl]  a ().31 O meter tall

cylin(lcr  s h a p e d  launch whiclc  :idaJ)tcr
cxlcldinp, ftom the tmt(om of the box.
1 ‘W] cor[lcl  o f  the  box po] [ion of tlw
mmlulc contains a small metal protrusion
t h a t  ]wuscs  at(itadc  cwttlol  lhmstcrs,
lncludin{l,  tl~c lmp,tli  of tlmsc  Jwotrusions,
t h e  dia~wnal  \\’idtlls  of t h e  ploj)ulsion
11)(KIC1  IIlcaslll’c ? .464 al”ld ? ,394  mete]’s

1011[  ’,.

‘lhc main cn~:inc, used fol  larg,c
II)al)cllvcrs  such a s  IW@l  trtills-h4al’s

II ajcct(ny corI cclions (’1’(:h4s)  an(i h4ars
0] bit imcr[ion  (N401),  wi l l  t~url)  a bi -
]wopctlant  combiwdion  of  N’]  ‘ ( )  and



hydraxinc,  and will dclivct  an 1,[, of 315
to 318 Sccmds at a tl”ltllsl lc\’cl of 659 N.

1  Xwinp, maili  mf,inc  but-jis,  four mckct-
cng,inc mdulcs  (1<1 th4s), each contaitlin?,
thl’cx -’i . 4 5  N  tbnlstcl’s  (two  aft fdcinp,$

ad mm fhr roll c o n t r o l ) ,  w i l l  burl)
llydta~inc  it) lllollo-]~r(~]>cllallt,  pulse-on

mmic to pwvicic  at (it mic control , 111
a(i(iition, these l)lollo-])l’()])clia  I)t”
tl)tuskus  wili a l s o  bc uscxi in pu]sc-ofl’

mmic for slnall t r a j e c t o r y  cm lcctions
(iutin:[  cmisc an(i orbit trim mamuws at
h4a1s,  ad fcu unioadillg,  mmnmtm  from
tbc mitt  ion wheels. ‘Ibis propulsion

syslm difkm from a  convmtimai  bi-
propcllant  systcm  in t h a t  t h e  s a m e

hydra~inc  lank wili scl\w 1>011]  the main

cnf,inc.  atd dt[it~l(lc-c(~llllol  tht-ustws,
Jathm  than  usinp, a  separa te  hy(itazinc

lank fbl cad systcm.  ‘1’hc  p r o p u l s i o n
syskm  will pmvicic  tk h4(i S spacumfi
witil a AV capability of 1,28? m/s. ‘J ‘his

bwip,ct  assumes a spacccdl  Cil-y mass of
6“/3 k?, atl(i  a total mass of 1,062 kp,,

‘1’wo solal ways, cacll 3.531 nlc.tms 10II:,
by 1 . 8 5 4  mctcls  w i d e ,  wiii provi(ic
CI Icrf,y fw the h4(i S spaccuaf[,  1 {ach
array  mounts  c lose  to  Ibc top of  tl}c
])mjlulsion  ]nmiulc 01] tbc  - 1  Y  an(i  - Y

p a n e l s ,  mar the intmfwc bctwm tbc

propulsi(m aI Ki equipment nlo(iulc’s.
lncluciit]~:  Ihc a(iaJltc~  that ho](is  tk away
to Ihc proJNllsi(m mo(lc]s,  tllc tiJ)s of tllc

arrays  CXICIK1 4 . 2 7 0  Inctm f r o m  t h e
si(ics of Ihc spacecra f t . l<cctat~gulat
Sha]”lcxi,  IIlctni (ilti~, “flaJ3S” lllOUl)tC(i 01)

t h e  cmis of b o t h  allays ad(i :itmtbcr
0 . 8 1 3  mctcts to t h e  o\wali away

St I’llclllt’c. ‘1’bmc “ f l a p s ”  wvc no
purpose other than to itwcaw tbc totai

surfac,c area of ti~c at ray structure to

imxasc tbc SJWXT{lf[’S ballislic
mcfl;cimt (imitlp,  acrotwakinp,.

1 kch array  consists of two pane ls ,  aII

ililicr  all(i outer p a n e ]  com])lisc(i  o f
[’,aliim awcmi(ic al](i siiicml ccl 1 s,
I cspcclivcly. Avaiialdc  ]-)OVWV ~vill s t a r t

at  1 ,100 W imt~luiialc]y af[cr  l a u n c h .
1 hrinp,  maJy~in~,  oJmralions  at h4aw, this
amount  will valy  fmm a hip)]  of ] oug$ly

940 \l~ at hfiars pc[-ibclion  to about  660
W at aplmlion. whCll thC SJ3WCCt”af[
II}OWS  in(() CCli J)SC 01” t 111’IIS .!i\$’il~  fl 01]”1

tllc SW], Cmcl’gy wi II f l o w  frol II two
I)ickcl-l)y(i  I():,cI] ( N i l  1?) bat[crics,  cad

witi]  a caJxlbiiity  of ?0 AI1lJ>-IIOUIS.

l’rimaty  colllt]llll~icatiolls”  to atl(i  ftom  tbc
Spacm’fif( wi i 1 OC.CIII’  till’ou:,h tiw 1.5-

mdct (iiamctct  J~i@p,ain  antcma (J l(iA).
l:mlll launch until t he  slar( of mappinp,
operations at h4ars, tbc 1  l{iA \vjli
lcinait]  tmiy fixc(i to tim spaccm af[ o])
tllc -1 x si(ic of the spacccmft,

~:(~]]sc.(l~lclltly,  usin:, tbc ll(iA wi]i
r e q u i t e  slcwin[],  Ibc spaccwaf[ to Jmint
(iiwctly  at the 1 t:itlb. 1 Win:,  mtij)pinp,

ol)cr:itions,  the 1 I(;A will tx (icl)loycd
an(i will sit at tllc CVKI  of a ?.(1 m e t e r
boom mounlc(i  10 tile -1X palic] o f  t he
pI”OJwlsiol) nmillic. ‘Ibis confi~),urati(m

wili allow tbc 1 l(iA to automatically



Irack the I kl’lh by lllctins  of- two sill#,lc-
axis p,imbak lhal  hold the dntcnna to the
1300111.

1]) additio]l  to IIIC 1  l(;A, Ihc spacmmf[

also Cw’l”icl”s four low- :,ain alltcl)llas

( 1  /CiA) for cmcr:,cnvj  cc)]l~l]lt]t]icatio]~s.
‘1’vvo of tl]c 1,<iAs  w i l l  fuilc(ioll as

Iransmit  antmnas, while the 011)0 two

w i l l  mxivc, l’lxxmcnl  of IIKXC fouI
1 <iAs \\’ill  CI~SUtC  that I1)C SpaCCC]:IfI  caii

wxiw CmlmalKls ml downlink
Iclctnctty  owl a w i d e  mnp,c of altitude
ol-icnla[ions. ‘J’hc primary  transmit  1,(IA

i s  m o u n t e d  oli the ll(iA, w h i l e  t h e
lIackLljJ is IIl(JIIIltc(i  (JIItl~c-l X side ofthc
p r o p u l s i o n  m o d u l e .  ‘1’hc t~vo rccci~c

l/(iAs  aw lllolllltd orI the -X pm] of
Ihc cquipmcml module atKl the IX side
oftllcJ  )lOJ)lllsi O1) module.

4. l/AllN(:ll Vl;lll(l  ,1;

IJalll”lch  of tllc M a t ’ s  (ilobal  Slll”vcy[)l
spaccrafi w i l l  utilix  t h e  Mc] )omcl

] )OUIJjaS  1 )c]ta 11 7925A  ]autK]I \~C]~iC]C
(Sc!c l’ip,urc 2). ‘1’k l)clla I I  7925A
launch  vchic]c collsisls  of f i v e  majol

components that  include the tlmx main
slap,cs, a set of nine so]i(i rocket motors

that athch to tllc first  Slag,c, and Illc

payload fidirinp,. ‘1’llC l)clla IIlcasllt”cs
38.2 m e t e r s  tall ftom the  tip of t h e

]Jayloa(l  fidilillp,t  c)tl]cltot[olll”  ofthc  first
s(a~,c’s body. lmludinr,  Ihc spacccraf(
Ihc 1 )clta  will wcip$ nppoximatcly  231,
327 kp, at the time of launch.

Stagt  One
Fuel Tar/f

Solid RocAd
MOIOB -

MGSSpace:rafi
Pd@J

Inlm!agt

Stagt Ow
OxidwTalk

];ip,utc  2. 1 )clta II 7925A 1,autdl Vchic]c



Stap,c onc Cmpk)ys a Rockctciylw  l{s-

27A main cn{~,inc with H ] ~: ] expansion
mtio. ‘1’llis  cmg,inc js a sjl-lf,lc stall,  liquid,

hi-] M’OJ)C] Ial)t IWkd that W;ll ]X’OVkk

ncar]y  890,()(K) N of thrust at the time of

ljf(-off.  11s pmpcl]ant load (95,655 kr,)

consists of 1<1’-1 fuel (thcl’lml Iy Stable
kcwscmc)  and liquid oxy~,cn  (1 OX) for
oxidimr. ‘J’hc 1<1’-1 fuel lank and liquid

Oxy:,cm tank 01) Ihc fil’st Stap,c fil”L:
SCJWltC(i  by a Ccntcl’  imiy  s e c t i o n  that

h o u s e s  cmtm] clcctmnics,  oldtmmx
sequencing, cquipmmt, a klclllctly
S}’ S(CII1, ami a  Hl[c ~yl’(). II] iwi(iilion,‘.
Ship,c Ollc aiso Cmploys  Iwo l{odwt(iyl]c

vernier cn~~incs. ‘J Icy wjl i provi(ic  roli
contro l  ciutit]g  tiw  ]nain a)ginc  tmt]l, m(i

nt(itwic  c o n t r o l  bctwccn  mnin cn[],inc.
cutoff (Mi ICO) an(i Scco]l(i Shp,c
jp,nition.

A  sd d n i n e  s[)licl-I>ro]>cll:il~t  p,raphitc
Cpoxy 1110101s  ((i] m4s), Cach fllclcci wit])
approxilnalc]y  1 ?,000 kp, of hydroxyl  -
tcminatd  polybuta(iicxic  (11’1’1’1]) soli(i
plopclkml,  athck  to t h e  first sta~,c to
provi~ic mlgmcnlation  ll)Iust. 1 kc])
( i]  1N4 wil l  pm\~i(ic  an avcrd~,c Illnlsl  of
446,000” N. Six of IIIC nine (il[h4s,  the
m a i n  cnp,incj  an(i Ihc vcmicr  mp,incs wiil

ignite at the time of lift-  ofl’,  pmiucinp,  a
total  thlllSt  of ab(~llt  2,850,()()0 N. ‘]’hc
rcmajning  Ihlcc  ( i ]  jh4s wiil ig,ilitc 65
scxoncis  into f l i gh t ,  sho r t ly  aflcr  t he
initial six burnout,

‘1’hc 1  klta Sccm(i Stap,c  Llscs a lc-
star[ab]c,  liqui(i,  bi-pmpcli:int  Acmjcc.1

A.1 1 0 - 1 1 8 K  m~~,inc thd conwmcs  a
combination of Acmzinc-50 fuc] (a 50/50
m i x  o f  hydwi~inc ami un-symmetric

ciimdhyl  lly(irfi~.inc)  ad nitmgcn
tctioxi(ie  (Nj04) oxi(iiz,cl”. Sitm this
]]1 (Jpcllallt  coml>il-la(iol]  is hypcl~l,o]ic, no

cfitfilysl  01 ig,nitc]  i n  t h e  cmg,inc  lhIust
c.hmlxv  is wquiwi,  in tottil,  the smon(i
slap,c  wjii bum  ncar]y  6,000  kg, o f
]“)1’opclkmt at al) avcrap,c  tlllllst  of 43,3’70

N. A  s e t  o f  lly(imulically  activatcxi

cli{~,inc  p,imbals  w i l l  prov(ic  pjtch  m(i

yaw  col~tl’ol”  (illrillr,  powmi  flip,hl,  aIKi a
llitm~~,cll  col(i  ~,m jet systcm  will ]wovi(ic

Ihc mll au tho r i ty . i n  a(i(iition, t h e
]Iitmp,m j e t s  wili also pmvi(ic  at[ilu(ic
Control foI’ tllc CWlst  phms.

A  spill- s(ablinxi  thitxi  skip,c col~sists
])rim:it  iiy o f  a ‘1’hiokol  Stat-4811  so]i(i

lnotm.  ‘1’hc cnp,inc on tk Ihit(i  stap,c  wiil
]Jmvi(ie  an avcwp,c tl~ILIst of 66,370  N

aIKi will buIm about  2,000” kilo~,tams  of
alnmonium  pcrchloratc  pmpcllant.

lhlrin:,  laurwh ami ascml thmup,h the
l(J\$cltittllos]>llclc,  :1 2,9 n)ctcr  (iiamctu
payloa(i  fdiiing. wii] Jwotcct the
spaccclaf[  aId l)clta thir(i  sta{~,c fmm

ticl O(iyll:iillicl  lc:~tit-lp,.  ‘1’hc  failin~~, will bc
jct[isoncxi from tllc lauIKI  vchic]c a t  an
altitmic  of:i])jlrc)xil)latcly  1?9 kiiomctm
(1>”1 286 Sccol)(is),  Slmll]y af(cl’  Sccoll(i
stap,c ip,nition.

5. h41SSloN  I)IIASIIS



pllms. ‘1’ab]c?  Sllmmalimx
the  mis s ion  phases  ati(l

mission cvcmls. ‘1’hcdatcsin
spcxific to Ilm mission Ihal

‘1’ab]c 2.

thcdatc.s  of Af(crlif[-of~,t  l~cfilst Stfi:jc  ofthc  thlw-
Solllc” kc’y stap,c  l)clta rockd  w i l l  b o o s t  the
‘1’able’ 2 arc spacccratl  to m a l t i t u d e  o f  1 1 5  km.

lmlnchcs al l;rom llIcrc, t h e  sccmd shp,c mill Mkc

h4issionl’hascs  alKl N4aIIcHvcIs

Event——. -.. .—”-—.. —._,... ”—_ ._ . ..__. ..—
launch

inner Cruise F’base

lcMl---

CXlterCruise Phase

lCM?

“ICM3
— .

lCMfl

Mars Orbit insertion (MOl)

———.. .
Clrbitlnsertion  F’tmse

——
Mapping F’base

Relay F’tlase
.—

Date
6 Nov 1996 (early afternc]on
E S-l)

?o-N& 19W(1+  14 days)

7 Jan 1997 to 11 Sep 1997

?1 Mar 1997 (1 CMI”-I 1?0
d a y s ) -— ——-— ——. — —.—
20 Apr 1997 (-1 CM? -I 30
qq
2? Aug 19~~ (Mel  -20 days)

“11 Sep 1997 (aLcwt 01:15
U1 c)

11 Sep 19~)? tc) Ii Mar
lgg~

. .——. — .-— —
15 Mar 1998 to 31 Jarl-200~

.

Comments.—...,.. — ._ ————-
1 aunch perioci c]pens on 6
Nov anti clc)ses  on 25 Nov
1996

Comrnunicaticlns through
1 C;A cmly because sc)lar
arrays must be pointed at a
fixed angle to the sun —.
7 rajectory correction for
injection errors, remove aim-
point biasing introciuced  for
Mars~llanetar~ara  rltinc:
Conlmunicattins t h r o u g h  -

tlGA,  ptlase begins when
E arth-MC;S-Sun  angle falls
klelow 60°
Ccmrect for execution errors
from 1 CM I — — .
Correct for execution errors “’”
flc)rn ‘1 CM?
F inal adjustn-lent to MOl aim
point _
MC) I can vary from 11 “Sep ““
1997 tcl 22 Sc!p  1997
depending on exact launch
date
Dqins at MOl, lasts 5
n“lc)nths  tc) reach mapping
orbit using aerobrakirlg and
propulsive maneuvcm. . . .——.
Mars mapping operations for
orlc Mar(ian ycmr, about 687
Earth days in duraticm
Abcmlt 3 years of slippc)rt for
future Mars missions

hc opcnil]p, o f  IIIC lnunch pm id 011 6 OVCI al](l  ztcllic.w a J  85-k. I-11,  ciwular,

Novcml)cr  1996. ll]](lcr Ihc currmt parkinp, olbit at f{bout 1,-1 1() minutes,
launch  pmio(l strategy, h4(iS  can laund~ Afkr parkin:,  mbit inscvlion,  the lxmskl
as late as 25 Ncwcmbcr,  J 996. l;i~,urc  3 :illd  SJMICCCt’~f[  wi I I coast  for M wccli ?.4
sJm\vs  the gcncml mission Iimclinc,  the and 37 minutcx  (vmiablc  w i t h  kmnch
Matlian seasons ad scicnc.c  data mtcs. date)  until  tudling,  a positiot~  over  the

castcl n ldian or western l]ac.ific  ocean.
At thtit  time, shp,c two  will rc-st[irt  and
tlII ust for ncar]y  two minutes to mist Ihc
apof,cc of the parkit)g,  orbit. ‘Jlcm, spin

I<(IIIWII I’J1{I,VC



.

QI~sr’-PlIas@  (309 days) ____

MnrUan  Season

RccordMOlayback
Sclcnce  Data Rates

“t I T--T--T-T-  I ~ 1-

11 day Mar& Arrival Period

+:1-----  - - - - - -

rb~scrl  PK.c Mars Relay  Phase
(183 days)

r=~
‘“--”  ?JafiJTi@%iE  e (51TiR+ys~—

-::.2

Lm.-
(thyhly  Variable) (tligt,ly  Variable)

mng I :.%~~lct--I–--  NS;r~,  j---- l“:-imG---.— .~~~-mrhi  lS. SumFiW_j

,

1 c] Solw  Coin]  ur,ction

M,r,  ir,  un,
Perihqllor,

v (1.38 /!11)

M;txinwrr, Pt?rlhcl!o”
V Earth RarIge V$$y;:; ~ EarU, Ring@

(O 56 Au)
V (1.3 BAllj

(35? AU)

No” Jan Apr J,I1 Ocl Jan APr Jvl OC1 Ja,, Ar,r
1957

Jul Or,t
1998

Jan Aug

1999 ?000 2000

l;ip,llt’c  3. Mission ‘1’imc]inc

mclcts will spin-up the third  stap,c  and
Spamwlfi to 6 0  l’.p.m., followd  by

third  slaf,c ip,nitiml.  ‘1’hc  1 )clta’s  I b i d
s(ap,c,  a S’1’AR 4811 solid, will fi]c for 87

SCCOlldS  to c.om]l]dc  the  tl’an s - h 4  al’s
injcdion  (’I’N41) burn, Ai’[cI comp]ctinp,

tbc ‘1341 burn,  but bcfbm  third stap,c
jd[ison,  a yo-yo  cable dcvicc  will cicploy
f r o m  the S’1’AR 4813  to de-spill  tbc
Spacmrall. l~igum  4 s h o w s  ihc h4(i S

launch flif[bt  pmfilc.

(hwisc  co\~cMIhc  time of ballistic flipbt
l>ct\vccl~  lia~[l~al~(l  Mals,  ‘1’hcspaccc]af[
wi l l  t ake  bctwcm 301 and 309 days 10
math  the  mi planet  0]1 its ‘1 ‘ypc-?
t I’ajcckn’j’ cicpcnci i IIF, on the 1 lar[ll
(icpallurc  (iatc wjtllin  lbc ?O-(iay launch
]wrio(i. A laud at the open of the
]auncb pe r iod  on 6 Novclnbcr  1996 wiii

correspond 10 a Mars  ani\wl  (iatc of 11
Scptcmbm  199’7, m’hiic a laulwll  at the

C1OSC of t h e  pcrjo(i on ?5 Novcmlm
1 9 9 6  wili r e s u l t  in at} arrival o n  ? ?
Scplcn~bcI  1997. 1 )urinp, cmisc, a set of

foul” tlajcctoly Couccl  ion nl:ilicwvcts
(rl’(~h4s) will a(ijus[ tbc in te rp lane tary

trajectory to ensure that the spacccrall

rcachs  tbc p roper  vc]ocjty  ami posjtion

L3ig,cts prior to the  h4am orbit  insmlion
(h401)  bum.  l;ip,urc  5 shows the h4(i S

ctaisc flipllt  ]wofiic.

1  luiinp, t h e  firs( pall  of cmisc,  callc(i
innm cmisc, init ial  (icj)loymcilt an(i

c h e c k o u t  of the  spacccraf’[  wi l l  bc
accomplishc(lj an(i navip,a[i(m  trackinp,

(iata will lx Iakcn to (ickmim the flipllt
p a t h  for IIIC puIposc of planning m(i
cxcculin:, tllc fi]st of four plannc(i
tmjcctory con cction mallcll\7crs
(’l(:h4s). ‘1’(:h41 i s  schc(iulc(i  to ocmt’
14 (iays afw launch  (-l 14 ciays).

11) imcl cmjsc, al I Spmcclaf[
cotllillllllic:ltiolls”  w i t h  t h e  l;ar[h  w i l l
occur  thmup,h t h e  low-g, aiil al~tcnna
(1 (iA). ‘1’k rcasol}  is prilnalil} duc t o
tllc spacccrall  confi~,al ation atd solar
pal’lc]  p,c(mlctl’y. lkausc tile hipli  gain
antcnl)a (1 I(IA) sits on tbc spacccmil in

a  stowcxi,  bwiy-fixc(i  oricntatiol~ (iutinp,

cmisc,  c(~l]lllllliiicatiti~,  w i t h  t h e  ltarlh
thmup,h  II(;A \IIill  m]uirc  tarllinp,  tbc
spacccmft  to point  t h e  anlcma (iircctly

at l(al-th.  I1O W C V C F, such al) orjcntati(m

woul(i  JJush t h e  inci(icncc an~lc o f



suI)li@t  o]] t]]c ]LWC]S  JWNt accc])tab]c

lCVCIS fm m i n i m u m  powm p,c]md ion.

‘1 ‘lwcf(M c, communicant  ions  througl)  the

1,(IA rc]~mscnts the mly fcasiblr  cq~tim,

Outm cmisc  \vill  bc~,itl  w h e n  t h e
spacccmft  witches fmm  usc Of the lmv
g,ain 10 Ilm l]i~ll gain antenna fOl

cOllllllllllicatiOlls  will] the 1 Lwlh. ‘1’1)(’

mad t i m e  w h e n  t h e  s\vitch bcmmcs
fcasibk  dcpmds On w h e w  the at]p,lc

bct\vccJ)  Ihc Sun and car[h as seem fm~
the Spacxxlaf(  (s1’11) ftills  to a ICvcl low

cnmpl)  10 allmv gpcxl  pmvcr  w h i l e  t h e
spaccwaf[ is ~ricntcd  to p(~inl  the 11 GA
di met Iy at 1 krth. ‘ h i s  angle stalls  al

almut ] 200 al Ihc time Of launch and fidlls
to ICss t h a n  60° by 6 .lmlal’y  1 9 9 7 ,
assuming, a IWIK% on 6 Nmwnbcr 1 !XX.

t:urrcntly, the transition date to switch
10 the 1 lGA fmm the 1,(;A will c)ccut  m

r“l’ ‘L JJC’’I”  I’
,.”,,’,,(, ) L .,. L.*, L.,,.

L ~
lNNf  R CF, UISE

m.-,-
!

Ir)l.:tlrm
T I

I
,. ,50

S1,AC lC.l<AF  ,
[Vktirs

S(V NLI
A[.l  IW!,I s

ANV,  NNk

DAIA  RA1ts
(w,,!,)

M-N
COVL  I,AG[
w.,,. w d.v

. . ..- .
6  .lamlaly  1997 ~or t h e  pul’lmsc o f ”

planl)il]f,  command scqucmcs. 110wc\wr,

Iliis dale will bc subject tO chanp,c  dut’illj{
fligl]( as the spacccmf[  tcaln e v a l u a t e s

t h e  trlmctt’y. II} the intcwst Of
mziintail~inp, Illc hi~,tmst possib]c

c(~liltll~lllicati(~lls  link marp,in with 1 hill),
switchovcr  wil I occur  fis cat]}’ as
possil)lc.

h40sl Of Outcl  cmisc  \\’ill cwnsist  Of

minimal activity as lhc spaccmif[
t mnsits  tO h4aw. ‘1 ‘k vast majOrity d

the ~v~l)~s wi I I invOlvc acquirint,

lla\~i@im  and tmckinp,  data 10 suppOr[
the rc]naininp,  ‘1’(Ih4s.  l)ulin~,  the last ~()

days Of ap]M Oach tO h4aIs, k fOcus will
lx On final targ,ctinpj of the spacccmf( to

lhc pmpcr  aim point, an(t preparations
fol olbit ii)scrtion.  A  s e r i e s  o f  hltirs

approach ima~jcs will bc lakcw dutinpj this
“mat’s ap]mach’> time ]mid usinp, the
h4ars {)d>itcr  carom. l;ip,urc  (i pmscnts

11’1’’1”1”  I,. ,80 ,,,,, L,,,, L,, ,. (,,0+ ‘1
r“l’’l’llr’ iL4WI?6 M:,I-9G M:ll-60  M:II .30 U31

Otll t 1, Crew.  [ -1
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A

the M(;S cmisc timclim..

1 )lltinp, applwch, Ihc Spacccl’d’(  ‘ s
vclmity rdativc  to MaIs  will 1X
/iJ)JM’OXilllatC]y f i v e  k i l o m e t e r s  J>c]

S(xxmd. NCW t h e  Jwjapsis  of Ihc
inbound Jjypc]lm]ic  tmjcctory, the 59(i-

N mail] cmginc will fire fm lmtwccn 20 ICJ
?5 minutcx  to pmvidc a AV of about  980
m / s .  llutn ig,nitim~  wi l l  Occut atmut 1()

minu tes  bcfmc pdapsis. l)uring,  Ihc
bum, tl~c spacccwf[ will ulilix  a “pitch-
(NCI” maIKWVCI to SICW tJ]c sJ~acmraf[  al

fi COllStallt  RdC ill OKkl to kCCJ) thC
tJ~mst  n e a r l y  tang,cnt  tc) IIN trajcctmy

am. Af[cr  bum cut-off 1 () minutcx  af[c.r
JwriaJxis,  Ihc spaccwafl will orbit Mars
in a higll!y  clliJ}tical  orbit with a J-]criod

of 48 hours  and a Jxviapsis  altiludc  o f
:itmut  3()() km (pcri aJ>sis rad ills of 3 ,’/()()

km). l~igurc 7 sJ1OWS  the Mam  apJ>roach
tl’~jd O1’jr  JY”Ofi  ]C.

‘ 1  ‘IIC N4<;S spacccl’af[  w i l l  nOt carry
cl)ou~ll JM’OJ)C]lallt  10  propulsivc]y  mad
the mc]uircd low-tilti(udc, slln-
SyIICl  IIOIIOUS maJ>J~illp,  o r b i t  dw 10 Illc
dativc]y  low in[crplanchry  il]icclc(l

Inass caJxibility  o f  Illc lolv-cosl” lklta

l:iuncll  vchic]c. (k)nscqwtly,  tllc
spauxwift  wi I I rely on acrobrdk i II:,, an
innovali~w  l]]issio]]-cl~al>li]lg,  tcchniqq  10

trim the initial, Jlip,i]ly-c]liJ>tica],  caJ>tum
01 hit down  to mappin~, ohit  altitudm.
1  )ul’it][~,  acl’obrakin:,,  Ihc sJ>ac.c~]:lf[  \\j]]

]):1SS thl”oll~h  thC  UJ)J)CI’ fl’ill~,CS  of thC

h4ar[ian atmosplvm  on cvcIy  Jmriapsis
J-)~SS. Jriction  fk)m t]]c atnlosJ>hcl”c

(1111 illg, tllc (It’d:,  p a s s  \vj[] ~a~ls~  tl]~
spacccraf( to I(NC a  s m a l l  amount  of
cncrp,y  aml will cause tlm altitude (m IIIC
I-ICX(  apoapsis  pass to slightly (imcasc,
‘1’hc rate al wl~ich the aJmaJ>sis  altitude
dccrcawx  \\’ill bc dckrmind  by t h e
amoul ~t of drap, ~,cncratcd.  Acv obrak i nr,
dccpu  in tllc atmmphcrc  w i l l  J>mvidc
~,1’C:itCl’ dl’fif),  all(i  IdllCC  the ol’bit fiSiCI,

b u t  will :,cllcratc hi:hcr sJ>acccraf[
tcmpcvaturcs  slid dynamic pressures.

J ‘i f,urc ?. h4ars AJ3JW[)N]I  ‘J’rajcclory  ]’mfi Ic



10wc] tbc pciapsis  altita(lc i n t o  lllc
control  corridor.

Acdmking  will begin nim days after

Ihc. oribt inscrlim  burn with tlm firs[ of
f(J~lil  ~~allcll\’crs(  Alll)dcsi~,t~c(lt{)  ]mvci

lbc pcriapsis  altiluctc  into tbc hiarti:in
atmmpbm  in fOur gidual  s t e p s . ‘J’hc
All 1 butm will bc the ]atgcst Of the fmlr

and \vill I(nwr tlm pctiapsis  10 150 km,
‘1’hc  ncx[ Ihm (All?, Allj, and A I M )
wil 1 ptO\~idc  a futllw dmp tO 1 1 2  k m .

‘1’his need fOr a fyadual walk-in is duc 10

tbc large uncxnlainty  ia the atnmsphcric
densi ty mdd of hlam, and will allmv

the navip,alion  team time 10 study Ibc
atmosplmic  ctmsity  and i t s  orbit-to-
orbit variation. All four  walk-in b(ltjis

wil 1 bc pcrfbmcd  using, tllc at t it de
control Ibrustcls.

Af[m  cmlplctic)n  of w a l k - i n ,  the
spacmmil  wi11 spend about tbwc mOnllIs
in Ihc main plmsc Of acmbmkinp,.  1 )utin:,

this pbasc, lhc apoapsis a l t i t u d e  will
s h r i n k  in six fmm  abd 5(i,000 km
down  to 2,000  k m .  A s  ncdcd, stimll
pmpulsivc  mancuvcm  (Al lh4s) cxccukxi

a t  apoapsis w i l l  maintain  pmiapsis
within  a well-dcfind pmiapsis altitude
COn’id[)l’  low Cllmgh t o  pl’o(hm Cmlgh

dttip,  10 rducc tbc orbit within the time

c o n s t r a i n t s  t o  mm]] tbc J>mpm Olbit
oricmtation mlativc to lbc s L m ,  yd hig,h

Cm)ufl]  10 avoi(l spacmrafl hcatinf, atd

m a x i m u m  d y n a m i c  p r e s s u r e  l i m i t s .  1 ILK

to tbc ~blatcncss  of Maw and tbc f a c t
that pmiapsis w i l l  bc migratinp,
nOr[hwad  tO\vaKl  lhc pOlc daring, m a i n
phase, the altitdc Of pcriapsis  will tcmd

tcl tisc. Colmqwmly,  m o s t  Of tllc

AIIMs will bc in the down  ciircdion  to

‘J ‘hc 111 rcx wcctis  Of acmbrak  ing fb] lmvin~j

Ihc m[iin p h a s e  w i l l  mpmscnt an
cxtmncly  mitical puid  as the altitude
Of apOa]wis  is lmvcvd  tOward tbc final

altitdc Of 4S() km. IIurinp, this time, the
spacccmft  wil I bc slOwly  “wal kcd-Out”

O f  tbc atmmplwc  by p,radually naisinf,

i ts  pcl-iapsis a l t i t ude  tO 14S km. l)aily
Allh4s  will bc pcrfmmcd as ncccssary to
maintain a gualantwct  wmt-case, thKx-

(iay mbit lifdimc.  1 lcm.c,  in the abscmcc
of Al lh4s duc t{) unfbmscm  c\wlts that
inhibit tlw ability Of flipld cOntmllcm  10
s e n d  cxmmands,  tbc spacccnfl  w i l l
a l w a y s  lx at  least  thtcc days  fmn
ctasbing  intO tbc sdacc.

Acmlmkinp,  will cd with a tcmiilmtim
bum  (AI IX) performed  mnctim (iurinp,
mid-.lanuaty  1998. ‘Ibis  bum w i l l  ]aisc
the mbit  pcriapsis  Out Of tbc atmmphcm
tO an altitude Of appmximatc]y  450  klil,

A t  th i s  t ime ,  the  spacccraf[  will bc
citclinp,  in a 400” x 450 km Od>it  with a
pcrid sliplltly under  twO llOuw, 111
.wlditim,  t h e  dcsccwiinp,  ndc lmatim
will IIavc mgycsscxt  from its orig,inat h401
pOsitiOn  at 5:45 p.m. with  Icspcct  to tbc
fictitious mean SW to the. desired 2:00
p.m. position. 1 ‘igurc 8 s h o w s  tbc
various  phasm of acrobrakinp,.



‘1’latlsitic)]]-lc)-llla]~]lillg  will begin at tbc
cd of acmbraking  and will lasl until tbc
final  mappin~, Otlit  has bcm cslablishccl

and Ihc spacccnft  i s  (icclarcxi rca(iy t o

bcgia mappinp, o p e r a t i o n s .  AJicr  tbc
acrobrakc  termination burn  (AIIX), the
spticccrail  will circ]c  Mats in a transition
mbi t  fm a nmnth.  1 )ating,  this wwi[illg
puid, tbc ~blatcmss  {)f Maw will altm
tbc  m b i t  and cmsc t h e  l o c a t i o n  o f

]xriapsis  to drill  t o  a  pOsitiOn  alnmt
immcdiatc]y  atmw t h e  l14allian SOLlth
1’OIC.  AI that  t ime,  cumntly  schcdalcd
fO] mid-l;  cbmary  1998, Ihc llansitiOn-l  O-
mapping (~]bit (’1 ‘h4 ( ) )  bum  w i  II bc

pc]fmncd with lbc intent Of “fmwiag,”
t h e  pcriapsis  lmatim at the SOutll  l’Olc,

aml  cstablisbin{),  tbc propm altitadc fol-
mappinp, operations. ‘1 lrougl-mut  this
mtirc transition period bctwccut  AIIX
and ‘l’M(),  the navig,atim  team wi l l
cmduct  p,ravity calibrations to update
tbc h4atlian  gravity  field mdcl using it~-
flig$t navip,atim  data mtatmxl  fkm the
d p]anct.  ‘1 ‘his uJxiatc \vill  1X crucial

tmvad accwatcly cxccutinp, t he  ‘1 ’h40
ttlld otkr  fatam butnso

An m b i t - t r i m  mancmw (() ’1’h4)  bum

will bc cxccutcd  10 refine tbc fmmn mbit
12 days  aftu ‘1’h40. ‘J’hc 1‘2 (lays is
drivcm  by the navig,atic)n  team’s Dud fOr
fOur d a y s  tO track  the  sJ>acccmf[ ai’tct
the ‘lh40 burn and amthw cip,ht  days to
plan  tbc mancavcr.  After the () ’1’h4,  a

tclday SJXKXXX’aft dCJ”dOyl)lCllf and

checkout Jwri  ()(1 wil I fOll  Ow t 0 al Imv Ibc
Opcrati  Ons  t e a m  Iimc 10 cmfif,urc t h e
sJxKxxraf( m(i  i t s  imtrammds f o r
lnappinp, OJmr:itiolls.” IFip,urc 9 slmws  the
mbit insmticm  timclinc.

‘]hC lWIJ)JliI)~,  J3haSC  V.2jM’CSClltS  thC

p e r i o d  of c(mccnttatcd  lctam  of scicmx

d a t a  f r o m  t h e  maJ)])inp, orbit.  ‘Ibis J)hasc

w i l l  s t a r t  ( m  15 h4amh 1998 aIKi l a s t
until S 1 .lanuary  ?()()(), a time JxliOd Of

mm h4mlin y e a r  ((i87 1 kwth days).
‘1’hcsc  (iatcs wi l l  Kmait-l f i x e d  ald arc
indcJxwclcnt  Of the actaal  day Of lift+ff
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liigurc  9. MGS (Mbit  lnsfdlion  ‘1’imdinc
(Opcm 1 mlnch  l’cliod)

w i t h i n  t h e  launch  JmiOcl. 1 hrinf, this

p h a s e ,  Ihc spacmafl w i l l  Imp i t s
scicncc  instrummts (-1 X pane] Of lhc

spaccmf[)  nadir  ]mintccl  10 mablc d a t a
mmding cm a c.ontimmus  basis. on a

daily basis, the spaczcrafi  will transmit

24 lmurs  of rccm(lcd  d a t a  b a c k  to the
1 krtll during  a single 1 O-lmw 1 )ccp  Space
Net wm!i (1 )SN ) tracking,  pass. At]
articulating hiph g,ain antenna (1 l(iA) ml
Ihc spacecraft wi 11 allmv data ]ccmdinp,

10 pmcccd while dmvnlink  tO 1 ;at[l]  is in
pmgtcss. 1  ~ig,urc  10 shows  IIN h4 (i S

m a p p i n g  orbit

Relay l’hasc

‘1’hc rcltiy o p e r a t i o n s  p h a s e  w i l l  bcp,in al

the old O f  mappin:,  ad cmlinuc f’Or
three ycam. I )wing this  phase,  the
spacmrall wi II fLmct i o n  a s  a  r e l a y

sakllitc  fOr variOus h4am landm  itl
Sllppml O f  t h e  h4an 1 kplmaticm
]’mp,ram, 1 tn(i Of mission wil l  occur (m 1

IFch”llal’y  2003.

6. I’ROJI  ;(:’1’ S’I’A’1’[IS

‘1 ‘k h4(i S spacxmaf[  is cmmntl  y On Illc
1 klt:i  11 7925A  launch vchick  a t  Space
1,auach (kmplcx 17A, (~apc (~allavcial
Air Statiw) in l;lmida  ma(iy fm l a u n c h .
‘1’hc  h4(iS  missic)n ~pcrati~ns  t e a m s
lmatcd at .1I’1, ad 1,h4A arc in tlwir  final
pmparlims fOr launch.

[ 1 ] Wayne 1 cc, Mars  (;lOIM1 Survcym
l’mjcct  h4issim  l’lan 1 )mwmcnt,  h4(i S
54?, -405, IJinal Vcmim,  Rev. A, .lct

l’mpulsim 1 ,alx)ratOIy, .luly, 1 9%.



l~ip,LItc 10. h4appinp,  orbit

‘1 ‘k rmxm% clcxribcxl in Ihis papm was
Carriccl  out by tllc .ld  l’loJmlsi(m

1 ,abolatory, California  ins t i tu te of

‘1’dmo]ogy, mdw a contract  with lhc
National Acmmut ic.s and Space

Administratim.

‘I’l~cfit]tl-t{~  rc)fll]is]>a~)cr  isvuy gyatcful
t o  I}m follmving’,  mmkrs of lhc h4CiS
Mission lksign ‘1’eam who providul
mud ofthc information in this papm:
Wayne 1 m h4ission  Plan (.ll)l,)
.lohn Callas Mission l)lan (.ll)l,)
1 )an Johnston ‘Irajmtory 1 ksip,tl  (.11’l,)
1 )an 1 ,yons Acmlwaking  l)csign

(.11’l /)

Waym Sidney Mission ‘1’imeliws
(1/h4A)




